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ABSTRACT

A feasibility test of the tractor tail rotor modification of
the AH-1G helicopter was conducted near Fort Worth, Texas (550~
feet elevation), and Alamosa, Colcrado (7535-feet elevation), dur-
ing the period 7 October to 19 October 1967. This test was con-
ducted to obtain quantitative flight test data to serve as a basis
for determining if the tractor tail rotor modification proposed by
the contractor for the AH-1G helicopter would correct the direc-
tional control problems which currently exist on the AH~1G heli-
copter with the standard tail rotor configuration. This test
revealed that in-ground-effect (IGE) low speed directional con-
trol and IGE low speed dynamic Jdirectional stability were greatly
improved by installation of the tractor tail rotor. IGE direc-
tional control limitations with the standard tail rotor installed
were encountered at approximately 8100 pounds gross weight near
sea level in previous tests. This test with the tractor tail
rotor did not reveal any IGE directional control limitations
at approximately 8940 pounds gross weight and near sea level.

The test results indicate that additional directional control
could be obtained with the tractor tail rotor, if the geometry of
the directional control system were changed to negate the adverse
effects of the stability and control augmentation system (SCAS) on
the ability to obtain full left tail rotor pitch. The highest
tail rotor horsepower encountered with large left pedal inputs to
arrest hovering turns was 250 shaft horsepower. These tests
proved that directional control deteriorated with increased gross
weight, increased density altitude or decreased rotor speed. The
test aircraft exhibited SCAS coupled pylon motion which has been a
continuing problem on the AH-1G helicopter.
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FOREWORD

During the conduct of the feasibiiitv test of the tractor tail

rotor both at Fort Worth, Texas, ~nd¢ . amosa, Colerado, the heli-
copter and special test instrumentali.» wcre maintained under con~
tract by Bell Helicopter Company per . 'uci. At Fort Worth, Texas,
the City of Grand Prairie, Texas, prevlod the test site at Grand
Prairie Municipal Airport. At Alam . Colorado, the city of
Alamosa provided the test site at Al:x ».a Muricipal Airpert. The

Alamosa Volunteer Fire Department pren ded fire fighting equipment
and personnel.
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INTRODUCTION

BACKGROUND

1. During tests conducted by the US Army Aviation Test Activity
(USAAVNTA) on AH-1G helicopter S/N 66-15246 in April 1967 (ref

2, app I), it was determined that the directional control

power was inadequate at some conditions within the contrac-

tor's proposed flight envelope. That test was conducted with a
20-degree tail rotor rigging. The contractor rerigged the tail
rotor to 23 degrees, as a result of these findings, in an attempt
to solve the directional control power problem. During tests in
the 23-degree rigging configuration, the contractor encountered
high power ioads in the tail rotor drive train when full left
directional contrel inputs were required. The high power lnads
(290 horsepower) caused considerable damage to the 42-degree and
90-degree gear boxes. The output gear train from the main
transmission to the tail rotor drive was also damaged. Replacenent
of these components was required. Later, in an attempt to solve
the problem by use of a reconfigured tail rotor blade, the same
phenomenon was experienced with 270-peak horsepower to the tail
rotor. This necessitated replacement of the three gear boxes
again. The maximum continuous operation design point for the tail
rotor is 120 horsepower. At this point the contractor determined
that the maximum allowable left pedal tail rotor rigging was 19
degrees due to the tail rotor drive train power loading problem.
The contractor stated that approximately 230 horsepower was the
maximum attainable with a 19-degrce tail rotor rigging. While
pursuing a permanent solution to this problem on another test
helicopter, the contractor was directed to determine the in-
ground-effect (IGE) flight envelope at the 19-degree tail rotor
rigging with AH-1G helicopter S/N 66-15248 for gross weights of
7500, 8500, and 9500 pounds (ref 3, app I). At the completion

of this contractor test, USAAVNTA was directed by, US Army
Aviation Materiel Command (USAAVCOM) to determine the areas of
inadequate directional control power for 8100 pounds gross weight
with a center of gravity of 194.5 inches. That test proved that
there were areas of inadequate directional control at 8100 pounds,
the lowest practical mission weight (ref 4 and 5, app I). As

a result of these tests, various warnings and flight restrictions
were imposed on the AH-1G helicopter. Since these restrictions
were undesirable and the high horsepowers being experienced by
the tail rotor drive train were not desirable, the contractor
continued to pursue a solution. The contractor proposed that a
tractor type tail rotor, described in reference 6, appendix I,

be installed on the AH-1G helicopter to alleviate the problem.
Limited flight tests by the contractor were conducted near sea
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level and at a high altitude test site. These tests proved to the
contractor's satisfaction that the tractor tail rotor configuration
was the optimum long range solution to the problem and led to the
submissicn of Engineering Change Proposal AH-1G 350, Tractor Tail
Rotor (ref 6, app I). On 25 September 1967, USAAVCOM directed that
USAAVNTA condv~t an evaluation of the tractor tail rotor (ref 7,
app I). The test sites selected for these tests were Fort Worth,
Texas (550-reet elevation) and Alamosa, Colorado (7535-feet
elevation).

TEST OBJECTIVES

2. To provide quantitative flight test data to serve as a basis

for determining if the tractor tail rotor modification proposed by
the contractor for the Ali-1G helicopter will correct the direc-
tional control problem defined in reference 2 through 5, appendix I.

3. To provide quantitative flight test data to serve as a basis
for determining if Bell Helicopter Company Engineering Change Pro-
posal AH-1G 350 should be approved.

DESCRIPTION

4, The test aircraft is the second prototype AH-1G tactical heli-
copter produced by Bell Helicopter Company designed specifically
for the armed role. it is a tandem, two~place, high speed conven-
tional helicopter with a two-bladed door hinge type main rotor and
prototype antitorque rotor. The prototype tail rotor 'is located on
the right side of the tail boom instead of the standard left side
location. The prototype is similar to that proposed in reference
6, appendix I. The tail rotor blades are standard and set at the
standard 19-degree rigging for full left pedal. A three-axis sta-
bility and control augmentation system (SCAS) is used in lieu of
the stabilizer bar to improve helicopter stability and handling
qualities. The test helicopter is powered by a Lycoming T53L-13
turboshaft engine rated at 1400 shaft horsepower (shp) at sea
level (S.L.) standard day conditions. The power plant is derated
to 1100 shp at 314 rotor rpm due to maximum torque limits of the
heiicopter main transmission. he distinctive features of the
test helicopter are the 36-inch wide fuselage, the stub mid-wings
with four external stores stations, and the integral chin turret.
The armament configuration of the AH-1G is changed by vary.ing

wing stores. The flight control system is a positive mechanical
type with conventional helicopier controls in the pilot's aft
cockpit. The copilot/gunner's forward cockpit is provided with
sidearm collective and cyclic controls. Control forces are
reduced by hydraulic servo cylinders connected to the control




system mechanical linkage and powered by dual transmission driven
pumps. A synchronized elevator is used to increase static longitu-
dinal stability and lengthen the center of gravity (C.G.) range. A
force trim system is provided in the control system to give artifi-
cial control feel and positive control centering. Ausform Armor
protection is provided for the crew, engine fuel control, and engine
compressor section.

SCOPE OF TEST

5. The scope of this test conducted on AH-1G helicopter S/N
66-15246 at Grand Prairie Municipal Airport near Fort Worth,
Texas, and Alamosa Municipal Airport, Colorado, was limited
entirely to directional control testing during IGE flight.

The reason for this limited scope of test was that the tractor
tail rotor is a prototype system and has not been tested by the
contractor throughout the flight envelope.

6. The flight restrictions which gocverned this test are presented
in appendix IV. A safety of flight release for these flight re-
strictions was issued by USAAVCOM (ref 8, app I).

7. Eighteen flights were conducted during this test for a total
of 12.4 test hours during an elapsed calendar time of 12 days.

8. Three types of tests were conducted: paced flight, hovering
in winds, and arrestment of turn rates. The test con :itions for

these tests are listed in Table 1.

Table 1. Test Conditions.

TYPE OF AVG AVG ROTOR | CENTER
TL3T GROSS WETIGRT DENSITY ALTITUDE | SPEED | OF
(1b) (ft) (rpm) | GRAVITY

(in.)

Paced

Fl ght 8030 7330 324 192.5

Paced

Flight 8020 7790 2.4 192.5

Paced

Flight 8680 7199 324 192.4

Paced

Flight 8940 -150 324 193.5

Paced R N

Flight 9510 -129 D324 | 193.7

Hovering

in wind 9130 8760 324 192.5

Arrestment

of Turn Rates | 91N0 8750 324 192.5

Arrestment

of Turn Rates | 8100 792¢ 324 192.7




METHODS OF TEST

9. The methods for the three tests conducted are described briefly
below:

a. Paced Flight: Paced IGE flight at various relative wind
azimuths was conducted in light-steady winds (0 to 6 knots (kt))
using a calibrated pace car and wind speed and direction measuring
devices in immediate proximity to the test site. Wind speed and
direction were continuously and accurately recorded during all
testing and correlated with each data point. A Very High Frequency
(VHF) radio was installed in the test helicopter which netted with
other VHF radios in the pace car and at the wind measuring site.
This was necessary to correlare data points. Control positions,
rates, attitudes, and tail rotor power were recorded on oscillograph
at stabilized IGE flignt speed increments up to the limit of control
authority or 30 kt, whichever occurred first.

b, Hovering in winds: Stabilized hovering over a spot was con-
ducted at various wind azimuths 2i:d velocities. Control position
requirements and tail rotor power were recorded as function of wind
azimuth.

c. Arrestment of Turn Rates: While hovering over a spoi,
right turn rates of various magnitudes were arrested at a selected
helicopter heading with varying rates of pedal application. Pedal
requirements and tail rotor power were recorded.

CHRONOLOGY

10. The chronology of this test program is as follows:

Test helicopter received 7 October 1967
Flight test commenced 7 October 1967
Flight test completed 19 October 1967
Test helicopter returned to

contractor 19 October 1967
Draft test report submitted 31 October 1967
Final test report forwarded March 1968

&




RESULTS ano DISCUSSION

PACED FLIGHT

11. Paced flight at selected relative wind azimuths was the pri-
mary technique used to produce the quantitative definition of the
conditions of inadequate directional control. Figures 1 through
47, appendix II, present the results of these tests. The mean
(average) directional coatrol position for the condition and the
maximum excursion toward full left directional control input for
each data point were determined. The magnitude of the maximum
excursion from the average is some indication of the degree of

instability for the condition. TFigures 1, 13, 24, 34, and 43, !
appendix II, summarize the conditions for inadequate directional
control,

12. For the purposes of this test, directional control was
determined to be inadequate where the maximum excursion of direc-
tional control extended to less than 12.5 percent of full travel.
Depending upon the position of the SCAS actuator at any instant,

the left directional control "stop" may vary from 0 percent to

12.5 percent of full SCAS off left tail rotor pitch. This can
result in something less than the 19-degrze full left tail rotor
pitch setting when the pedal is on the "stop'. With the directional
control channel of the SCAS disengaged, full left tail rotor pitch
is always available.

13. Figures 2 through 12, appendix II, present the results of the
tests conducted at 8030 pounds average gross weight, 324 rotor rpm,
and 7330 feet density altitude. Figure I, appendix II, summarizes
the conditions for inadequate directional control (shaded areas).
This figure shows that directional control is inadequate for the
conditions tested for air speeds greater than 14 kt true air speed
at relative wind azimuths in right sideward flight of approximately
55 degrees to 125 degrees. These test conditions were the baseline
conditions for the tests conducted at the high altitude test site.
From this baseline, gross weight and rotor speed were varied to de-
termine their affects on the areas of inadequate directional control.

14. Figures 14 through 23, appendix II, present the results of the
tests conducted at 8020 pounds average gross weight, 314 rotor rpm,
and 7790 feet demsity altitude. Figure 13, appendix II, summarizes
the conditions for inadequate directional control (shaded areas).

5




This figure shows that directional control is inadequate in several
areas for these test conditions. In right sideward flight directional
control became inadequate at 8 kt., The critical speed increased to
approximately 15 kt, 20 degrees to 30 degrces either side of straight
right sideward flight. Two other small areas of inadequate directional
control were detected in straight rearward flight and at the 230 degree
to 270 degree relative wind azimuths from approximately 7-14 kt.

Since all other parameters were the same as baseline (para 13) except
rotor speed which was reduced to 314 rpm, it is concluded that .reduced
rotor speed had a significant adverse affect on directional control.

15. Figures 25 through 33, appendix II, present the results of the
tests conducted at 8680 pounds average gross weight, 324 rotor rpm,
and 7190 feet density altitude. Figure 24, appendix II, summarizes
the conditions for inadequate directional control (shaded areas).
This figure shows that directional control is inadequate in several
areas for these test conditions. In right sideward flight the critical
speed for inadequate directional control varied from approximately 14
kt in straight right sideward flight to apprnximately 8 kt at 110
degree relative wind azimuth. At relative wind azimuths from 150 to
180 degrees, a small area of inadequate directional control was

noted from 6 kt to 12 kt. Since gross weight was the only parameter
changed from the baseline conditions, it is apparent (comparing
figure 24 with figure 2, appendix II) that an increase in gross
weight adversely affects directional control.

16. Figures 35 through 42, appendix 1I, present the results of the
tests conducted at 9510 pounds average gross weight, 324 rotor rpm,

and ~120 feet density altitude. Figure 34, appendix II, summarizes

the conditions for inadequate directional control (shaded areas).

This rigure shows that a small area of inadequate directional control
exists in the right sideward flight between relative wind azimuths

of approximately 65 degrees and 105 degrees and true airspeeds between
15 kt and 28 kt. The effects of density altitude on directional

control are indicated by this test since only a small area of inadequate
control existed at near sea level conditions at 9510 pounds gross weight
whereas at 9130 pounds gross weight at the high altitude test site
directional control was inadequate at practically all relative wind
azimuths in winds from O kt to 8 kt as shown in figure 48, appendix II.

17. Figures 44 through 47 present the results of the tests con-
ducted at 8940 pounds average gross weight, 324 rotor rpm, and -~150
feet density altitude. TFigure 43, appendix IT, summarizes the con-
ditions for inadequate directional control (shaded areas). No areas
of inadequate directional control were detected for the conditions
tested at any relative wind azimuth up to true airspeeds in excess
of 30 kt.




18. The paced flight tests showed that reduced rotor speed, in-
creased gross weight, and increased density altitude all adversely
affect directional control. It is most significant that at 8010
pounds average gross weight at near sen level with the standard

tail rotor, an area of inadequate directional control existed
between relative wind azimuths of approximately 170 degrees and

250 degrees and true airspeed of 8 kt to 13.5 kt (para 22, ref

4, app I). At the same test site, with the tractor tail rotor,

no areas of inadequate directional control exist at a gross

weight of 8940 pounds. At near sea level density altitude 324 rpm,
the gross weight for adequate directional control was raised from
less than 8010 pounds to more than 8940 pounds with the installation
of the tractor tail rotor. A comparison of the tractor tail rotor
to the standard tail rotor at high density altitude was not possible
due to insufficient standard tail rotcr data. Density altitude,
however, should have a similar adverse affect upon both the standard
and tractor tail rotor. The improvement in directional control with
the tractor tail rotor measured near sca level should exist at higher
density altitudes.

19. A secondary effect contributing to the improvement of direc-
tional control with the tractor tail rotor was reduction of the
magnitude and frequency of random external directional disturbances.
With combinations of wind azimuth and velocity approaching areas of
inadequate control, the standard tail rotor required rapid and
sometimes large directional control excursions to maintain heading
(ref 4, app I). With the tractor tail rotor, the directional dis-
turbances were greatly reduced, and large excursions of directional
control were not required.

20, Table 2 through 6, appendix DT, pr.sent the peak tail rotor
shaft horsepower obtained for each dat. point. These values are
included on the figures of tail rotor pitch versus true airspeed.

HOVERING IN WINDS

2. TFigure 48, appendix II, shows the tail rotor pitch required to
hover at 9130 pounds g. s weight, 192.5 inch C.G., 324 rpm rotor
speed, and 8760 feet dunsity altitude. During this test the wind
was variable in direction and velocity so that the accuracy of the
wind azimuth data was compromised. However, as figure 48, appendix
II, indicates, directional control was inadequate for most wind
azimuths, including low wind velocities (less than 8 kt).

22. The test conditions of figure 48, appeundix II, are well within
the hover performance envelope of the aircraft. This condition
results in the hover ceiling of the helicopter being defined by

7
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available directional control rather than engine power available.
This also means that the hover ceiling of the helicopter will vary
greatly with both wind velocity and azimuth.

ARRESTMENT OF TURN RATES

23. TFigure 49, appendix II, shews the tail rotor shaft horsepower
resulting from arresting right hovering turns. Peak horsepowers

of approximately 250 shaft horsepower were recorded. These high
horsepowers resulted in changes in the wear patterns omn the tail
rotor drive train gear boxes, but replacement was not required.
Peak tail rotor shaft horsepower was found to be primarily a
function of the total pedal displacement required to arrest the
turn rate. Based upon the very limited amount of data available
for analysis, the tail rotor power required to arrest a turn rate
could not individually be defined in terms of yaw rate, yaw angular
acceleration, or rate of pedal displacement. All these parameters
undoubtedly affect the magnitude of the resulting tail rotor shaft
horsepower, but their individual contributions could not be defined
with the data available from these tests. However, there is
sufficient information to show that the most significant parameter
affecting peak tail rotor shaft horsepower is the size of the pedal
displacement required to arrest the turn rate and not the rate of
displacement. This indicates that the installation of a rate
limiting device on the directional controls or the publishing of
yaw rate limitations in the operator's manual is not appropriate,

A note to avoid large pedal inputs which are not required in normal
operation of the helicopter should be included in the pilot's
handbook.

SCAS PYLON COUPLING

24. During this test program, while flying from the contractor's

facility to the test site, SCAS coupled pylon motion was encountered.

The severity of the oscillation was comparable to that reported in
reference 4, appendix I. The test aircraft was equipped with the

pylon position sensors designed to eliminate this continuing problem.

Production AH-1G aircraft are presently delivered with essentially

the same pylon position sensing equipment as that installed on the
test aircraft.

el Id me sl




CONCLUSIONS

25. 1Installation of the tractor tail rotor in the AH-1G helicopter
results in greatly improved IGE, low speed directional control com-
pared to the standard tail rotor (para 18).

26. The AH-1G helicopter with the tractor tail rotor installed has
adequate directional control to hover in a 30-kt wind from any rela-
tive wind azimuth at a gross weight of 8940 pounds, density alti-
tude of approximately sea level, and rotor speed of 324 rpm (para 17).

27. At a gross weight of 9510 pounds, density altitude of approxi-
mately sea level, and rotor speed of 324 rpm, inadequate direc-
tional control exists in the area of a right cross wind between rel-
ative wind azimuths of approximately 65 degrees and 105 degrees

and wind velocities between 15 and 28 kt (para 16).

28, Directional control deteriorates with increased gross weight,
increased density altitude, or decreased rotor speed (para 18).

29, The hover ceiling of the AH-1G is limited for some conditions
by inadequate directional control rather than performance (para 22).

30. With the present directional control system geometry, it is
possible to have the directional pedal fully to the left stop and
not achieve maximum left tail rotor pitch. This results in a de-
crease in directional control available to the pilot at some con-
ditions of SCAS actuator extension (para 12).

31. The magnitude and frequency of the random external directional
distrubances observed with the standard tail rotor at combinations
of wind velocity and relative wind azimuth approaching the limits
of directional control are greatly reduced with the tractor tail
rotor (para 19).

32. With large left pedal inputs to arrest a turn rate, peak tail
rotor shaft horsepowers of approximately 250 shaft horsepower were
recorded (para 23).

33. The test aircraft exhibited SCAS coupled pylon motion (para
24).




RECOMMENDATIONS

34, Further testing throughout the entire flight envelope should
be conducted on the AH-1G helicopter in the tractor tail rotor con-
figuration to insure that no penalties on perforwance, handling
qualities, or structural integrity are suffered as a result of this
modification. Particular attention should be focused on high speed
maneuvering flight and those flight regimes which demand maximum
right directional control requirements (para 5).

35. Comnsideration should be given to further improving the IGE
low speed directional control power characteristics by a redesign
of the directional control system geometry to allow the pilot to
obtain full left tail rotor pitch with any SCAS actuator position
(para 12).

36. If the tractor tail rotor is approved for production in the
configuration tested, a note should be included in the pilot's
handbook to disengage the directional SCAS channel if inadequate
IGE directional control is encountered. This will allow the pilot
to obtain full left tail rotor pitch with any SCAS actuator posi-
tion (para 12).

37. Rotor speed should be maintained at 324 rpm during IGE flight
(para 18).

38. Tests should be conducted to determine a final, adequate cor-
rective measure to prevent SCAS coupled pylon motion (para 24).

10
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Ficure No. 49 ' ol

TAIL ROTOR SHAFT HORSEPOWER TO :

ARREST RIGHT HOVERING TURN |

AH-1G USA 9N 4152406 o

sYMm GROSS WEIGHT C.G. STATION DENSITY ALTITUDE ROTOR SPEED |
|

] ~ LBS. ~IN. ~FT ~RPM
" ) ] q100 192.5 8750 324
Fi O 8100 19z2.7 7820 324
]
NOTES:

. WIND LESS THAN APPROXIMATELY 8 KNOTS.

2. PEDAL INPUT COMPLETED IN LESS THAN
APPROXIMATELY 1.5 SECONDS.

3 TRACTOR TAIL ROTOR

1 4, FULL LEFT PEDAL = 19.1° TAIL ROTOR PITCH

4 WITH SCAS NULL .

|
260
|
e
w 240
ES
0
3—) 220 9100 LBS.
&
O
o
= 200
- 0]
L
~ 180
I
u 8100 LBS.
160
5
5
S 140 m
m 3
J ]
b 120 (@] @] 3
1
L 1
= i
= 100 h— 1
o o 10 20 30 40 50

SIZE OF PEODAL INPUT TO ARREST TURN
~ PERCENT OF FULL TRAVEL

61
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Tabie 5. Peak Tail Rotor Shaft Horsepower During Paced Flight
AH-1G Helicopter S/N 615246.

el

NOTES: ; TRACTOR TAIL ROTOR
2. FULL LEFT PEDAL = 19.1° TAIL ROTOR PITCH WITH SCAS NULL
M GROSS WEIGHT * DENSITY ALTITUDE » ROTOR SPEED
3 RELATIVE 9510 1bs -120 ft 324  rpm
WIND
1 = 5.7 7.4 10.8  14.7 19.5 23.8 28.3
95 110 120 125 165 165 135
5.7 7.4 10.8 14.7 19.5 19.5 23.8 28.3
_ 0
W ? 120 135 150 155 170 150 130 140
i 5.7 7.4 10.8 14.7 19.5 19.5 23.8 28.3
j " 110 110 115 150 165 140 115 110 120
m 53, 7 7.4 10.8  14.7 5 19.5 P3.48 28.3 23.8 28.3
s 130
_ m 3 120 110 115 120 100 125 105 95 85 105
AIRSPEED ~ KNOTS
? == 5.7 7.4 10.8 14.7  19.5  23.8 28.3
= | 160 PEAK TAIL ROTOR
5 SHAFT HORSEPOWER 95 100 155 115 110 95 75
= 5.7 7.4 10.8 14.7 19.5 19.5 23.8 28.3
21 180
115 110 110 95 95 95 70 50
5.7 7.4 10.8 14.7 19.5 19.5 23.8 28.3
3 280 95 120 95 70 60 40 40 40
5.7 7.4 10.8  14.7 19.5 19.5 23.8 28
270
90 95 100 110 35 30 "20 25
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Table 6. Peak Tail Rotor Shaft Horsepower During Paced Flight
AH-1G Helicopter S/N 615246.
NO 2
e 1.TRACTOR TAIL ROTOR
2.FULL LEFT PEDAL = H@.Ho TAIL ROTOR PITCH WITH SCAS NULL
: GROSS WEIGHT e DENSITY ALTITUDE ¢ ROTOR SPEED
RELATIVE
8 ~-150
WIND 940 1bs 5 ft 324 rpm
] 11.7 11.9 14.8 18.7 23 16 20.8 24.8
50
m 100 110 115 135 155 110 125 145
& 1.7 3.4 6.8 10.7 15.5 19.8  28.8  32.8
M 70 AIRSPEED ~- KNOTS
90 100 110 110 160 145 130 135
{ PEAK TAIL ROTOR
= SHAFT HORSEPOWER S 17 7.4 10.8 14.7 19.5 19.5 23.8 26.3 30.3
90
M 105 120 110 130 120 140 145 115 115
D 10.7 11.4 13.8 18.7 23.5 16.5 19.8 27.8 32.3
110
100 95 105 95 160 95 105 115 110
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APPENDIX 1l TEST INSTRUMENTATION

1.

Flight test instrumentation was installed in the test

helicopter by the contractor prior to the start of this
evaluation, Although other test instrumentation was in-
stalled in the test aircraft only those items on the oscil-
lograph used in data collection for this test will be speci-
fied below. All instrumentation was calibrated by the con-
tractor and witnessed or approved by the USAAVNTA flight test
engineer. The flight test instrumentation was maintained by
the contractor throughout the test program. The following
parameters were utilized during this test:

2.

Oscillograph:

All flight control positions
Tail rotor pitch (acme thread)
Yaw attitude

Tail rotor shaft torque

SCAS actuator positions
Engine torque

Rotor speed

Additional items installed in the test aircraft specifi-

cally required for this test were:

Pilot's Panel:

Altimeter

Outside air temperature gage
Directional control position indicator
Calibrated directional gyro

Calibrated compass

Tail rotor torque gage

VHF radio
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APPENDIX IV
AH-1G OPERATING LIMITATIONS

1. Limit airspeed (VL):

Power on - 120 KIAS for all configurations and gross
weights up to 9500 lbs at density alti-
tude up to 3000 feet. TFor all configura-
tions, reduce airspeed 8 KIAS per 1000
feet above 3000 feet.

Power off - 120 KIAS.
2. Gross weight ~ Centcer of Gravity Envelope:
E Forward limit: Below 7000 1b, Fuselage Station
(F.S.) 190. Linear decrease from F.S. 190 at
7000 1b to F.S. 192.1 at 95000 1b.

Aft limit: Below 7650 1b, F.S. 20l. Linear decrease

from F.S. 201 at 7650 1b to F.S. 200 at 9500 1b. |
3. Sideslip limits: 5 degrees at 190 KCAS. Linear increase
to 20 degrees at 60 KCAS. *

=~

Maximum load factor:
5. Sideward and rearward fl.ght: 35 kt
6. Maximum turn rate: 40 degrees per second

7. Maximum tail rotor horsepower, interim value proposed by
contractor: 200 hp (inspection required)

8. RPM limits (steady state): ]

Power on ~ 6600 to 6400 engine rpm
324 to 314 rotor rpm

Power off - 304 to 339 rotor rpm
transient lower limit 250 rotor rpm

Power on during dives and maneuvers 319 to 324 rpm
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1 9. Temperature and pressure limits:

i Engine oil temperature 93°¢

' Transmission oil temperature 110°C

] Engine oil pressure 25 - 100 psi (1b per sq in.)
Transnission oil pressure 30 - 70 psi
Fuel pressure 5 - 20 psi

10. T53L~13 Engine limits - installed:

Normal rated power (maximum continuous) 6250C Exhaust gas
temgerature (EGT)
! Military rated power (30-minute limit) 645°C EGT
! Starting and acceleration
L (5-second limit) 675°C ECT
Maximum for starting and acceleration 760°C EGT
Torque pressure 50 psi
]
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APPENDIX V DISTRIBUTION LIST

Equipment
Test Failure Interim Final
Agency Plans Reports Reports Reports
Commanding General
US Army Aviation Materiel Command
ATTN: AMSAV-EF 2 2 2 2
AMSAV-ERS 2 - 2 2
AMSAV-EAC 2 - 2 2
AMSAV-ADR - - - 2
AMSAV-FL = - - 1
AMSAV-V 2 - - 2
(wpns only) (wpns only)
PO Box 209

St. Louis, Missouri 63166

Commanding General
US Army Materiel Command
ATTN: AMCPM~IR
AMCRD
AMCAD-S
AMCPP
AMCMR
AMCQA
Washington, D.C. 20315

Commanding General

US Army Combat Developments
Command

ATTN: TUSACDC LnO

PO Box 209

St. Louis, Missouri 063166

Commanding General

US Continental Army Commana
ATIN: DCSIT-SCH-PD

Fort Monroe, Virginia 23351

Commanding General
US Army Test and Evaluation

Command
ATTN: AMSTE-=BG
USMC LnO

Aberdeen Proving Ground, Md 21005
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